Abstract. This study examines the error pattern of students with mathematics learning disabilities when they learn fractions. This research uses a qualitative approach. The respondents are 23 students of the 7 th graders in the inclusive school. The data are collected through student tests, class observations, and teacher interviews. The grounded theory with the constant comparison is conducted to the data analysis. There are four similar error patterns: (1) a lack of understanding of fraction representation; (2) a lack of understanding of fraction comparisons; (3) a mistake in applying the common denominator approach to the fraction addition operation; (4) a mistake in applying the procedure of fraction multiplication operation. The results of this study can be used by the teachers as a guideline when teaching fractions to students in inclusive schools.
Introduction
In Indonesia, schools with the potential to receive a wide variety of students from excel to those with mathematics learning disabilities (MLD) are inclusive schools. In the inclusive schools, each child meets his or her specific needs, students can be optimally served by various modifications and adjustments, from the curriculum, facilities, educators, and the learning system to the scoring system.
Some literature discussed learning mathematics in an inclusive setting. For example, NCTM (2000) stated that all students must have opportunities to study and support to learn mathematics; regardless of their trait, backgrounds, or physical impairment. Furthermore, the Equity Principle stated that equity does not mean that each student should receive the same instruction; however, it depends on the need of all students (NCTM, 2000) .
Researchers stated that students understand mathematical ideas and build them in a variety of ways, depending on the experience of life and their unique mathematics learning; understanding and appreciation of the teachers to the difference of these students will increase the confidence of students in learning mathematics and support mathematical understanding of students more deeply (Castellon et al., 2011; Schifter, 2005; Zevenbergen et al., 2004) .
The equity principle is an excellent idea in the mathematics classroom. However, the research that explores mathematics learning in inclusive settings is very limited, based on research findings, between 2000 and 2013 there were only five studies discussing mathematics learning in inclusive settings (McKenna, Shin & Ciullo, 2015) .
Therefore, in this study, the research problems are focused on how the error pattern of MLD students in an inclusive school when they learn fractions. The results of this study are expected to add to the discourse of educational scholarship, especially on the teaching and learning mathematics in an inclusive setting for students with MLD.
Literature Review
The definition of the fraction is a symbol that represents the results of two numbers , with b not equal to zero (Clarke et al., 2010) . In the preliminary study, inclusive school teachers state that fractions were one of the topics that difficult to teach. The teachers' opinion is in line with the finding of Lewis and Fisher (2016) , they stated that the study of fractions requires high-level thinking ability or complex ability; they also stated that the study of MLD student needs research on a topic that demands complex ability. Furthermore, understanding fractions are very crucial for the students in learning mathematics. Fractions are the foundation for the study of algebra and mathematics at a higher level (Bailey et al., 2012; Torbeyns et al., 2014; Shin & Bryant, 2016) .
In general case, based on the research of Coetzeea and Mammen (2017) , the difficulty with fractions is still felt by students until they enroll in the science and engineering diploma program. They also stated that students struggle with fractions in the form of a word problem. In the MLD students case, researchers stated that students with MLD still feel the difficulties in fractions learning until they are in grade 8 (Mazzocco et al., 2013) . Another research showed that MLD students use false traditional algorithms in fractions learning (Newton et al., 2014) . Geary (2004) stated that MLD students have an average IQ with standardized test scores are below the 20th or 25th percentiles. Piazza et al. (2010) explained students with MLD was students that slower and often make mistakes in the processing of representations of numbers, for example, the symbol of the numbers "3" and the matching representation "◆◆◆". Mazzocco et al. (2011) stated that students with MLD make an error in compare and estimate numbers. Geary et al. (2004) found that students with MLD make a mistake in calculating arithmetic. The other researchers noted that MLD students make a mistake in solving the problem of a very easy number; for example, 4 × 5 = 20 . Lewis (2014) stated that students with MLD have different methods of thinking in understanding fractions. She also suggested a younger research subject. i.e., elementary or junior high school students. Lewis (2016a) stated that MLD students have obstacles in fractions comparison, i.e. fractions comparisons with the same denominator or fractions comparisons that involve a fraction . Hunt et al. (2016) stated that MLD students have difficulty in grasping the part-whole model of fractions.
Methods
The method section describes the research methods used including research design, research subjects, research procedure, and data analysis.
Research Design
This research uses a qualitative approach, with descriptive method (Gall, Gall, & Borg, 2010) . The data are collected through student tests, class observations, and teacher interviews.
Research Subjects
The study is conducted in the Inclusive School in the West Java Province, Indonesia. The subjects of this study are 23 students of the 7 th graders in the inclusive classroom. Students are given the tests instrument, then the students' answer is analyzed. From the result of student test, observation, and teacher interview, we then identify three students who are suspected of having MLD and analyze the error pattern of students with MLD on fractions learning.
Research Procedures
The procedure of this study is made by the following steps:
Conducting tests
The test is performed with the instrument that has been compiled and validated by the experts. The complete test items are as follows: The result of the test is as follow: Based on the result of the data analysis, the 25 th percentile (first quartile) of the score is 66.9. Score 66.9 indicates the upper bound of 25% of the lowest score. According to Geary (2004) , one way to determine the MLD student is the students whose test results are below the 25 th percentile. By paying attention to scores that are below the 25 th percentile, 11 students are suspected of experiencing MLD. The students are respectively number 2, 3, 4, 15, 17, 18, 19, 20, 21, 22, and 23 .
Teacher Interview and Class Observation
According to Lewis (2016b) , to determine students with MLD, test results can be strengthened with the results of observation and interviews. The results of observations and interviews are needed to reveal that there is no influence of environmental or social factors on students' inability in mathematics.
Based on the teacher's interview and class observation of 11 students that suspected of experiencing MLD; the following results are obtained:  Students number 2,4, and 20 get the score 64.3,57.14, and 42.86 respectively. These scores are below the 25 th percentile, which is 66.9. However, based on interviews with the teacher, they do not experience significant difficulties in learning mathematics. So, student number 2, 4, and 20 are not concluded with having MLD.
 Student number 3, 21, 22, and 23 get the score 25, 57.14, 25, 14.29 respectively. These scores are below the 25 th percentile, which is 66.9. However, based on the observation, the students are less serious in doing the test; this can be seen from some questions that do not answer by the student. So the researchers and the teacher conclude that the results of students answer are not sufficient to be analyzed, and remove students from the list of prospective students who experienced MLD.  The student number 15, 17, and 19 get the score 35.71, 39.29, and 64.29 respectively. These scores are below the 25 th percentile, which is 66.9. Based on interviews with the teacher, they have difficulties in learning mathematics. Therefore, they are recorded as MLD students.  The student number 18 cannot answer the question. Accord teacher interview, the student is included in the category of special needs student with slow learner criteria. The student number 18 does not include in the MLD category because the MLD criteria used in this study is a student with average intelligence or above.
Based on the teacher interview and class observation, the researchers and the teacher agree that there are only three students who experienced MLD. Students with MLD are respectively number 15, 17, and 19.
Data Analysis
The grounded theory with coding and constant comparison technique is used for data analysis. The grounded theory procedures as presented by Gall, Gall, and Borg (2010) through the four steps. The first step is data collection; the second step is a division of data into several segments. The third step is defining specific categories that reflect both the conceptual and structural elements of the data, and the fourth step is the coding of each segment for each appropriate category in each segment.
Findings
After examining three students with MLD, the analysis of the error pattern of MLD student is conducted. We call the three MLD students with student A, B, and C.
The error pattern of student A
In question number 1, student A gives the following answer: In figure 2, student A checks which fractions representation images are larger.
There are three different images of the problem. He only writes and , without writing another explanation. From the answer to question 2, it appears that student A does not understand the representation and comparison of fractions.
In question 3, student A gives the following answers: In part a, student A explains which fractions are larger between and . He uses decimal strategy to explain larger fractions. He changes fraction to 0.66 and to 0.5. However, he notes that 90% and 100% win, without giving any other details.
In part b, student A explains which fractions are larger between and . He gives the correct answer, that is . However, he does not explain how the answer is obtained. From the answer to question 3, it appears that student A does not understand the fraction comparisons.
In question 4, student A gives the following answer: In figure 4, student A writes strategies to find two fractions that equivalent to .
He gives the correct answer, that is and . He multiplies the numerator and denominator of fractions by 5. From the answer of number 4, it appears that student A already understands the topic of fractions equivalent.
In question 5, student A gives the following answer: In figure 5, student A completes two questions about fractions addition. In the first question, he solves the problem This problem aims to check students' understanding of fractions addition with the same denominator. Student A's answer is . His thinking can be analyzed as follows:
. Student A knows the common denominator strategy on fraction addition. So, when the student sees the problem he applies the common denominator strategy by changing 3 to 9. He does not understand that the denominator is the same, that is 3. He adds the numerator by 3, not multiplying it, as follows:
. He knows that if the denominator is multiplied by 3, then the numerator is also multiplied by 3. But, the numerator is added by 3 instead of multiply by 3. He mistakenly applies the procedures.
In the second question, he solves the problem This problem aims to check students' understanding of fractions addition with different denominators.
He answers:
. His thinking can be analyzed as follows:
. He knows the common denominator strategy on the fraction addition operation. Therefore, when the student sees the problem , he performs the common denominator strategy by changing 3 to 6 and 2 to 6.
There are interesting things done by student A. He adds not only the numerator but also the denominator, as follows:
. Thus, Student A knows the common denominator procedure on the fraction addition operation. However, in the process, he adds not only the numerator but also the denominator. He mistakenly applies the strategy that he already knows.
In question 6, student A gives the following answer: In figure 6 , he solves two problems of fractions multiplication. In the first question, he solves the problem This problem aims to check students' understanding of fractions multiplication. His answer is . There is an interesting point, he applies the common denominator strategy to the fraction multiplication. Therefore, when he sees the problem , he applies the common denominator strategy in the first term by changing the 5 to 15 and in the second term by changing 3 to 15. Furthermore, he only multiplies the numerator, as follow . The interesting thing is he applies the fraction addition procedure to the fraction multiplication operations.
In the second question, he solves the problem . This problem aims to check students' understanding of fraction division. He gives the correct answer as follows:
. He uses multiplication algorithms with the inverse of the second term or inverts multiply algorithm (Zembat, 2015) .
In item number 7, student A does not provide the correct answers. Answer sheets were still emptied as follow: From figure 7, it appears that student A is less able to understand and to model a fraction word problem.
The following table is the error pattern of student A: A lack of understanding of fraction representations 2 A lack of understanding of fraction comparisons 3 A mistake in applying the common denominator procedure to the fraction addition operation 4
Applying the common denominator procedure to fraction multiplication operations 5
Could not solve the word problem of fractions
The error pattern of student B
In question 1, student B gives the following answer: In figure 8 , student B describes fractions and in two different ways. He draws a representation of with a circular model divided into two parts, with one part shaded. For fraction , he draws a representation that was a kind of rectangle, which divided into five parts, with two parts shaded. From the answer to number 1, it appears that he did not well understand the fraction representation.
In question 2, student B gives the following answer: In figure 9 , student B checks which fractions representation images are larger. There are three different images of the problem. He does not provide sufficient explanation for analysis, but something is interesting, that is about the note on the right side: . His understanding of the fraction addition operation is similar to student A's understanding. Consider his thinking:
(noted that student B's writing: 5 + 4 below the equation ). As student A, student B has known the procedure of common denominator on fraction addition operation. So, when he sees the question =…, he performs the common denominator procedure by converting 3 to 12 in the first term and 4 to 12 in the second term.
There is another interesting thing done by student B. He adds the first numerator with 4 and the second numerator with 3 instead of multiplying it, the illustration is as follows:
. In the first term, he knows that if the denominator multiplied by four, then the numerator is also multiplied by four. However, the numerator is added by four, not multiplied by four. He mistakenly applies the procedure. From the answer of question 2, student B does not understand fraction representation and comparison. He also makes a mistake in applying the common denominator procedure to the operation of addition of fractions.
In question 3, student B gives the following answers: In part a, student B explains which fractions are larger between and . He gives the correct answer, that is is larger, without giving other information. In part b, student B explains which fractions are larger between and . He gives the correct answer, that is is larger. However, he does not explain how the answer is obtained. From the answer to question number 3, it appears that student B less understand fraction comparisons.
In question number 4, student B gives the following answer: In figure 11 , student B writes strategies to find two fractions that equivalent to .
He has been able to provide the correct answer, which is and . He multiplies the numerator and denominator of fractions by 5. From the answer to question 4, it appears that student B already understands the topic about the fraction equivalent.
In question number 5, student B gives the following answer: In figure 12 , student B solves two questions about fractions addition. In part a, he solves This problem aims to check students' understanding of the addition operation with the same denominator. His answer is . His thinking can be analyzed as follows: . This understanding is the same as the understanding of student A, though by different writing (student A goes straight to the answer ).
Similarly, with student A, student B knows the procedure of common denominator on a fraction addition operation. Thus, when he sees the question of , he performs the common denominator procedure by converting 3 to 9 in each term. However, he does not understand that the denominator of the problem is the same, that is 3. Furthermore, he adds the numerator by three, not multiplying it, as the following illustration:
. He knows that if the denominator is multiplied by three, then the numerator is also multiplied by three. However, the numerator is added by three instead of multiply by three. He mistakenly applies the fraction addition procedure.
In part b, he solves His answer is . His way of thinking can be analyzed as follows:
. He knows the procedure of common denominator on the fraction addition operation. So, when he sees the problem , he performs the common denominator procedure by converting 3 to 6 in the first term and 2 to 6 in the second term.
The same as the previous problem (and this also happens to student A), there are other interesting things done by student B. He adds 1 (numerator) with 2 in the first term, and added 1 (numerator) with 3 in the second term instead of multiplying it, as the following illustration:
. Thus, he knows the procedure of common denominator, that is the denominator and the numerator must be multiplied by 2. However, the numerator is added by 2 instead of multiplied by 2. From the answer of number 5, it appears that student B is doing wrong in applying the common denominator procedure of the addition of fractions.
In question 6, student B gives the following answers: In figure 13 , student B solves two problems of fractions multiplication. In part a, he solves His answer is . Note that student B miscalculated by simplifying 4 (the numerator in the first term) and 3 (the denominator in the second term), 4 being 2 and 3 is 1. This simplification is one form of student B miscalculation.
In part b, he solves
He appears to have learned the strategy of a fractions division operation. However, surprisingly, he uses multiplying the inverse strategy, but the reverse is not the second term, but the first term. Consider his thinking:
. So, the answer is reversed, it should be .
In question 7, student B gave the following answers: In figure 14 , student B solves a fractions word problem. The problem is as follows: "Susi ran km on Monday. On Tuesday, Susi ran km. Explain how many kilometers (km) Susi ran on both days? ". This problem aims to check the students' understanding of fractions in the word problem. In this case, he has been able to model the word problem into a mathematical equation, which is the operation of fractions addition. His answer is as follows: . The student's way of thinking can be analyzed as follows:
. Student B knows the common denominator strategy on fraction addition. When he sees the problem: , he performs the common denominator procedure by converting 5 to 35 in the first term and 7 to 35 in the second term. Surprisingly, he adds 2 (numerator) with 7 in the first term and 3 (numerator) with 5 in the second term, instead of multiplying it, as follows:
. He knows the procedure that is if the denominator is multiplied by 7, then the numerator is also multiplied by 7. However, the numerator is added by 7, not multiplied by 7. He mistakenly applies the procedures that already knew.
The following table is the summary of the error pattern of student B: In figure 15 , student C describes fractions and in two different ways. He draws representations of in one way, that is a rectangular image with two segments, one shaded segment, while one more segment is not shaded. At the problem , he draws a representation of rectangles with five segments, with two shaded segments and the other not shaded. From the answer to question 1, it appears that he less understand fractions representation because he only draws one representation.
In question 2, student C gives the following answer: In figure 16 , student C checks which fractions representation images are larger. There are three different images of the problem. He writes only and larger than and , and and , without writing any other explanation. From the answer of number 2, it is seen that he less understand the fractions representation.
In question 3, student C give the following answers: In part a, it is seen that student C explains which fractions are larger between and . He uses an image strategy to explain which fractions are larger. Fractions are depicted as three rectangular segments with two shaded segments; and represented as two rectangular segments with one shaded segment.
In part b, student C explains which fractions are larger between and . He provides the correct answer, that is is larger. However, he does not explain how the answer is obtained. From the answer of number 2, it appears that student C has relatively understood the fraction comparisons.
In question number 4, student C gives the following answers: In figure 18 , student C writes strategies to find two fractions that equivalent to .
He gives the correct answers, which are and . However, he does not explain how the answer is obtained. From the answer to question number 4, it appears that student B has understood the topic of the fraction equivalent.
In question 5, student C gives the following answer: In figure 19 , student C solves two questions about the addition of the fractions. In part a, he solves For this problem, his answer is . Student thinking can be analyzed as follows: .
Student C knows the procedure of common denominator on the fraction addition operation. So, when he sees a problem , he does not perform the common denominator procedure, because the denominator is the same, that is 3. Surprisingly, he adds not only the numerator but also the denominator as follows:
He knows that the denominator of the two terms must be the same in the operation of fractions addition. However, he adds both the numerator and denominator. He mistakenly applies the procedure.
In part b, student C solves For this problem, his answer is . The student's way of thinking can be analyzed as follows:
. He knows the procedure of common denominator on the fraction addition. When he sees the problem , he performs the common denominator strategy by changing 3 and 2 to 6. Surprisingly, he adds not only the numerator, but he adds also the denominator, as follows:
. Thus, he knows the common denominator procedure on the addition operation. However, in the process, he mistakenly applies the procedure that already knew.
In question number 6, student C gives the following answer: In figure 20, student C solves two problems of fractions multiplication. In part a, he solves His answer is . He applies the common denominator procedure to the fraction multiplication operation. When he sees a problem , he performs the common denominator procedure on the first term by changing the 5 to 15 and in the second term changing 3 to 15. Surprisingly, he only multiplies the numerator, that is . The interesting thing is that he applies the fraction addition strategy to the fraction multiplication operations.
In part b, student C solves . He gives the correct answer as follows:
In doing this fraction division operation, he used multiplication algorithms with the reverse of the second term or invert multiply algorithm (Zembat, 2015) .
In question 7, student C gives the following answer: In figure 21 , student C solves a fraction word problem. The problem is as follows: "Susi ran km on Monday. On Tuesday, Susi ran km. Explain how many kilometers (km) Susi ran on both days? ". In this case, he has been able to model the word problem into a mathematical equation, which is the fractions addition operation. Student C's answer is as follows:
. Student C knows the procedure of common denominator to the addition operation of fractions. So, once he tries to model the problem: he performs the common denominator procedure by converting 5 to 35 in the first term and 7 to 35 in the second term. From the answer to question number 7, it appears that he has relatively understood the topic of the word problem of fractions.
The following table is the summary of the error pattern of student C: A mistake in applying the common denominator procedure to the fractions addition operation, numerator and denominator are both summed up 3
Applying the common denominator procedure to fractions multiplication operations
Discussion
From the above research findings, the three students with MLD have some similar pattern of errors. The first error pattern is students with MLD do not understand the fraction representations; this is indicated by the difficulties of the three students in answering question number 1. The second error pattern is students with MLD do not understand the fraction comparisons. Students A and B have difficulty to understand the concept of fractions comparisons; this is shown by the difficulty of student A and B in answering questions number 2 and 3.
The third error pattern is students with MLD are doing mistake in applying the common denominator procedure in the addition operation. Students A and B are doing mistake in the process when doing the common denominator procedure. They add the numerator with the same number as the denominator multiplier; when it should be multiplied. In student C, the common denominator has been successfully done, but in the next process, the numerator and denominator are both summed up, when it should only the numerators added together.
The fourth pattern of errors is very interesting, that is student A and C apply the common denominator procedure to the multiplication operations. While student B is wrong in doing the simplification of the numbers on the operation of fractions multiplication.
Four findings of the error pattern of students with MLD in understanding fractions are summarized in the following table: A mistake in applying the common denominator procedure in the fraction addition operation (All students) 4
A mistake in applying the procedure to the fraction multiplication operations (All students)
In the first error pattern, the lack of understanding of fraction representations; this finding is in line with the results of Hect and Vagi (2010), , Piazza et al., (2010) that MLD students experience difficulty in the conceptual and representational understanding of fraction topic.
In the second error pattern, the lack of understanding of fraction comparisons, this finding is in line with the results of Butterworth and Reigosa-Crespo (2007) . They state that MLD students are not able to represent abstract fractions and they have difficulty in manipulating fractions. This second error pattern is also in line with Mazzocco et al., (2011) research results that students with MLD make mistakes in comparing and estimating numbers.
In the third error pattern, which is doing a mistake in applying the common denominator procedure to the fraction addition operation; and the fourth error pattern, which is doing mistake in applying the procedure in the fraction multiplication operation; these two findings are in line with the results of Newton et al. (2014) . They state that the error pattern in the fraction learning of students with MLD is the wrong application of traditional algorithms.
In the view of Brousseau (2002) , the emergence of learning obstacle in mathematics can be caused by three factors, namely ontogenic obstacles (mental learning readiness), didactical obstacle (instruction from a teacher or teaching material), and epistemological obstacle (students' knowledge which has limited application context). Viewed from the Brousseau theory, the four error pattern of the students with MLD in this research is more inclined to the type of epistemological obstacle. The three MLD students already know fractions concept, but the application for the context of the other problems is still limited.
Conclusion
To sum up, students with MLD have a similar pattern of error when studying fraction. From the analysis of three MLD students in the inclusive school, four error patterns are found: (1) a lack of understanding of fraction representation; (2) a lack of understanding of fraction comparisons; (3) a mistake in applying the common denominator procedure in the fraction addition operation; and (4) a mistake in applying the procedure to the fraction multiplication operations.
The results of this study can be used by the teachers as a guideline when teaching fractions to students in inclusive schools. Future research is recommended to analyze the error patterns of students with other disabilities in inclusive schools, such as students with an intellectual learning disability and slow learner students.
